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BACKLIGHT MODULE AND LIGHT
EMITTING DIODE THEREOF

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 971474677, filed Dec. 5, 2008, which 1s herein
incorporated by reference.

BACKGROUND

1. Field of Invention

The present invention relates to a backlight module. More
particularly, the present invention relates to a light emaitting
diode.

2. Description of Related Art

A backlight module 1s one of the most important parts of a
liquid crystal display (referred to as LCD). Since the liqud
crystal 1s not a luminous body, the LCD panel 1s 1lluminated
by the backlight module. The backlight module typically
includes a light source, a light guide plate and many optical
films such as, diftuser and reflector. Among all kinds of light
sources of the backlight module, a light emitting diode (re-
terred to as LED) has gradually become the most popular
light source because of the high brightness, long lifetime,
small size, and low energy consumption properties.

Nowadays, the luminous intensity of the LED has been
improved, which means the desired luminance of the back-
light module can be achieved with fewer LEDs. Fewer LEDs
lowers the cost of the backlight module.

Please refer to FIG. 1A. FIG. 1A 15 a top view ol a conven-
tional backlight module 10, and FIG. 1A shows light distri-
bution 1n a horizontal direction. When fewer LEDs 12 are
used, the gap between LEDs 12 1s wider. If the light field, or
the light strength in large angle of the light 16 emitted from
the LED 12 1s not enough to cover the wider gap, a dark strip
18 will be formed 1n the gap, and furthermore, non-uniform
light may be provided to the LCD panel.

In addition, electronic devices are becoming thinner and
lighter, so 1t 1s necessary 1o thin the LCD as well. Please refer

to FIG. 1B. FIG. 1B 1s a side view of the conventional back-
light module 10, and FIG. 1B shows light distribution 1n a
vertical direction. As the LCD 12 becomes thinner, the back-
light module 10 and the light gmide plate 14 thereof also
become thinner. When the thickness of the light guide plate 14
1s almost as small as the thickness of the LED 12, the angular
distribution of light field of the LED 12 in the vertical direc-
tion may be too broad and some of light 16 may leak out from
the light guide plate 14, which may create light leakage prob-
lems.

Therelfore, a new backlight module and a new LED thereof
are necessary. The new LED may have different angular
distribution of light field in different directions. In a horizon-
tal direction, the light field should be enough at a large angle
to prevent generating dark strips. In the vertical direction, the
light field should be limited to small angles to ensure that each
light beam 1s incidence on the light guide plate to prevent light
leakage problems.

SUMMARY

A light emitting diode (referred to as LED) with different
light fields 1n horizontal and vertical directions 1s provided.
The LED comprises a light emitting diode chip (referred to as
LED chip) and a light directing structure disposed on the LED
chip. The light directing structure comprises a pair of con-
nected hemi-ellipsoids and an interface interposed therebe-

10

15

20

25

30

35

40

45

50

55

60

65

2

tween. Each hemi-ellipsoid comprises a bottom surface and
an ellipsoidal surface. The bottom surface 1s in a shape of an

incomplete ellipse, which has a major axis and a minor axis
intersected to define a center, wherein the interface 1s con-
nected to the minor axis. The ellipsoidal surface 1s connected
to the bottom surface and the interface. The largest vertical
distance from the ellipsoidal surface to the bottom surface 1s
longer than the largest height of the interface.

The shape of the light directing structure may afiect the
distribution of light field of the LED, especially the angular
distribution of light field. The angular distribution of light
field may be broader along the direction of the major axis of
cach bottom surface, and the angular distribution of light field
may be smaller along the direction of the minor axis of the
bottom surface.

Additionally, this invention also provides a backlight mod-
ule. The backlight module comprises a light guide plate and
an LED adjacent to the light guide plate. The LED has an LED
chip and a light directing structure disposed thereon. The
shape and the displacement of the light directing structure
may cause a larger angular distribution of light field 1n a
horizontal direction and a smaller angular distribution of light
field 1n a vertical direction.

In particular, the light directing structure disposed on the
LED chip and interposed between the LED chip and the light
guide plate. The light directing structure comprises a pair of
connected hemi-ellipsoids and an interface interposed ther-
cbetween. Each hemi-ellipsoid comprises a bottom surface
and an ellipsoidal surface connected to the bottom surface and
the interface. The bottom surface 1s 1n a shape of an 1ncom-
plete ellipse, which has a major axis and a minor axis inter-
sected to define a center, wherein the interface 1s connected to
the minor axis. The largest vertical distance from the ellip-
soidal surface to the bottom surface 1s longer than the largest
height of the interface.

In the foregoing, the light directing structure may direct
light emitted from the LED chip and change the angular
distribution of light field i different direction. In the direction
of the major axis of each bottom surface, the light field of
large angle may be increased to prevent dark strip. In the
direction of the minor axis, the light field may be limited to a
small angle, which may prevent light leaking out of the light
guide plate.

It 1s to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiments, with ret-
erence made to the accompanying drawings as follows:

FIG. 1A 1s a top view of a conventional backlight module;

FIG. 1B 1s a side view of a conventional backlight module;

FIG. 2 1s a perspective view of a backlight module accord-
ing to an embodiment of this invention;

FIG. 3A 1s a perspective view of the light directing struc-
ture shown 1n FIG. 2;

FIG. 3B 1s a cross-sectional view of the light directing
structure shown 1n FIG. 3A;

FIG. 4 1s a plot of an angular distribution of light field of the
light directing structure shown 1n FIG. 2;

FIG. 5A 1s a side view of the backlight module shown 1n
FIG. 2;

FIG. 3B 1s a top view of the backlight module shown 1n
FI1G. 2; and
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FIG. 6 1s a perspective view of a light directing structure
according to another embodiment of this invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

Please refer to FIG. 2. FIG. 2 1s a perspective view of a
backlight module 100 according to an embodiment of this
invention. The backlight module 100 supplies light for the
liquid crystal display (referred to as LCD). In the embodiment
of this invention, the backlight module 100 at least contains
light emitting diodes (referred to as LEDs) 120 and a light
guide plate 110. The light guide plate 110 1s adjacent to the
LEDs 120. The light guide plate 110 may guide light ematted
from the LEDs 120 to a panel (not shown) of the LCD.

Each LED 120 includes a light emitting diode chip (re-
terred to as LED chip) 122 and a light directing structure 124
disposed on the LED chip 122. In the embodiment of this
invention, the LED chip 122 1s embedded in the light direct-
ing structure 124.

The light directing structure 124 is interposed between the
LED chip 122 and the light guide plate 110. The light direct-
ing structure 124 may spread light emitted from the LED chip
122 to the light guide plate 110. The shape and the displace-
ment of the light directing structure 124 may cause different
angular distributions of light field 1n a horizontal direction
and a vertical direction. The horizontal direction 1s parallel to
a longer side 116 of an incidence plane 112 on the light guide
plate 110, which 1s a direction of an X-axis shown in FIG. 2.
The vertical direction 1s parallel to a shorter side 118 of the
incidence plane 112, which is a direction of a Z-axis shown 1n

FIG. 2.

Please refer to FIG. 2, FIG. 3A and FIG. 3B at the same
time. FIG. 3A 1s a perspective view of the light directing
structure 124. FI1G. 3B 1s a cross sectional view of the light
directing structure 124 along a minor axis 242. The light
directing structure 124 comprises a pair of connected hemi-
cllipsoids 200 and an interface 210 interposed therebetween.
In other words, the hemi-ellipsoids 200 are connected to two
opposite sides of the interface 210, respectively.

In the embodiment of this invention, the hemi-ellipsoids
200 are mirror symmetric and the interface 210 1s the plane of
symmetry. One of the hemi-ellipsoid 200 1s the mirror image
ol the other.

Each hemi-ellipsoid 200 comprises a bottom surface 220
and an ellipsoidal surface 230. The bottom surface 220 1s1n a
shape of an incomplete ellipse having a major axis 240 and a
minor axis 242, wherein the major axis 240 1s longer than the
minor axis 242. The major axis 240 and the minor axis 242 are
intersected to define a center 222. In general, an ellipse can
use 1ts major axis 240 and minor axis 242 to determine its
curvature.

In the embodiment of this invention, each one of the bottom
surfaces 220 1s mirror symmetric and the minor axis 242 1s the
line of symmetry. In particular, the bottom surface 220 is
divided into two parts by the minor axis 242. One of the two
parts 1s the mirror image of the other.

In the embodiment of this invention, the interface 210
connects the bottom surface 220. The interface 210 connects
to the minor axis 242. In the embodiment, the interface 210 1s
substantially perpendicular to the bottom surface 220.

The ellipsoidal surtace 230 connects the interface 210 and
the bottom surface 220. In particular, the interface 210 and the
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bottom surface 220 are connected, and the edge of the ellip-
so1dal surface 230 connects all edges of the interface 210 and
the bottom surface 220. The ellipsoidal surface 230 1s a con-
vex and the center of the ellipsoidal surface 230 1s away from
the center 222 on the bottom surface 220. The largest vertical
distance from the ellipsoidal surface 230 to the bottom sur-
tace 220 1s the distance from a top point 232 on the ellipsoidal
surface 230 to the center 222, which 1s the height of the light
directing structure 124.

The light directing structure 124 1s disposed on the LED
chup 122. In a preferred embodiment of this mnvention, the
LED chip 122 1s embedded in the light directing structure
124. The LED chip 122 1s disposed on the bottom surface 210.
More specifically, the LED chip 122 1s disposed at where the
bottom surface 220 connected the interface 210. In the
embodiment of this invention, the LED chip 122 is disposed
in the center of the bottom of the light directing structure 124,
where the minor axes 242 of two hemi-ellipsoids 200 con-
nects each other.

Please refer to FIG. 3A and FIG. 3B. Each hemi-ellipsoid
200 has a first distance L1, which 1s a distance from the center
222 on the bottom surface 220 to the edge of the bottom
surface 220 along the major axis 240, and a second distance
[.2, which 1s a distance from the center 222 to the edge of the
bottom surface 220 along the minor axis 242. Each hemi-
ellipsoid 200 further has a third distance L3, which is the
shortest distance from the center 222 to the iterface 210. In
the embodiment of this invention, the third distance [.3 1s the
distance from the center 222 to the interface 210 along the
minor axis 242.

Each hemi-ellipsoid 200 further has a fourth distance 14,
which 1s the largest vertical distance from the ellipsoidal
surtace 230 to the bottom surface 220. In the embodiment of
this invention, the fourth distance L4 1s a distance from the top
point 232 on the ellipsoidal surface 230 to the center 222 on
the bottom surface 220.

A fifth distance L3 1s the largest height of the interface 210.
In particular, the ellipsoidal surface 230 connects a first side
212 of the intertace 210, and the bottom surface 220 connects
a second side 214 of the interface 210. The fifth distance L5 1s
the largest distance between the first side 212 and the second
side 214. In the embodiment of this invention, the fifth dis-
tance LS 1s from an intersected point of the minor axis 242 and
the second side 214 to the first side 212 along a direction
perpendicular to the second side 214.

The largest vertical distance from the ellipsoidal surface
230 to the bottom surface 220 1s longer than the height of the
interface 210, which means the fourth distance 1.4 1s longer
than the fifth distance LS. Theretore, the top point 232 of each
hemi-ellipsoid 200 1s higher than the interface 210, and the
cross sectional view of the light directing structure 124 as
shown 1n FIG. 3B 1s like a letter m.

The first distance L1 1s longer than the second distance L2,
which means the distance from the center 222 to the edge of
the bottom surface 220 along the major axis 240 1s longer than
the distance from the center 222 to the edge of the bottom
surface 220 along the minor axis 242. In a preferred embodi-
ment, the first distance L1 1s longer than or equal to twice of
the second distance 1.2 to have a better light distribution. In
the embodiment of this invention, the first distance L1 1s
about equal to twice of the second distance L2.

The fourth distance L4 1s longer than the second distance
[.2, which means the largest vertical distance from the ellip-
soidal surface 230 to the bottom surface 220 1s longer than the
distance from the center 222 to the edge of the bottom surface
220 along the minor axis 242. In a preferred embodiment, the
fourth distance L4 1s longer than or equal to twice of the
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second distance L2 to have a better light distribution. In the
embodiment of this invention, the fourth distance 1.4 1s about
equal to twice of the second distance L2. The fourth distance
[.4 can be equal to the first distance L1 in the embodiment of
this invention.

The curvature of an ellipsoid can be defined by three axes
thereot. In the embodiment of this invention, the three axes of
the hemi-ellipsoid 200 are the first distance L1, the second
distance L2, and the fourth distance L4 as illustrated in FIG.
3A. The hemi-ellipsoid 200 of the embodiment 1s like a hall,
thin and long ellipsoid since the first distance L1 and the
fourth distance L4 are longer than the second distance L2.

The interface 210 1s interposed between the two hemi-
cllipsoids 200 and connects to the minor axis 242 of the
bottom surface 220 of each hemi-ellipsoid 200. Theretfore, the
shortest distance from the center 222 to the interface 210 1s
shorter than the distance from the center 222 to the edge of the
bottom surface 220 along the minor axis 242, which means
the third distance L3 1s shorter than the second distance L2.

The largest height of the mterface 210 1s related to the
distance between the interface 210 and the center 222 in the
bottom surface 220, which means the third distance .3 1s
related to the fifth distance LS. The shorter the third distance
.3 1s, the longer the fifth distance LS 1s. In particular, when
the third distance L3 1s shorter, the intertace 210 1s closer to
the top point 232 and the center 222. Therefore, the fifth
distance L5 1s longer and 1s approaching to the fourth distance
[.4. Since the fifth distance L5 1s shorter than the fourth
distance L4, the third distance I3 should not be equal to zero.

As the above, the third distance L3 1s ranging from zero to
the second distance L.2. In a preferred embodiment, the third
distance L3 1s shorter than or equal to half of the second
distance L2 to have a better light distribution.

Please refer to FIG. 2. The light guide plate 110 may be in
a shape of a flat rectangular parallelepiped. A plane of the
light guide plate 110 contacting or right next to the LEDs 120
1s called an incidence plane 112. The incidence plane 112 can
be rectangular and has a longer side 116 and a shorter side
118. The direction ofthe longer side 116 represents the exten-
sion direction of the light guide plate 110, and the length of
the shorter side 118 represents the thickness of the light guide
plate 110. The light guide plate 110 has an emergent plane
114 adjacent to the incidence plane 112. In the embodiment of
this invention, the emergent plane 114 1s connected to and
substantially perpendicular to the incidence plane 112.

Please refer to FIG. 2 and FIG. 3A. The incidence plane
112 of the light guide plate 110 1s directly next to or contacted
to the ellipsoidal surfaces 230 of the light directing structure
124 of the LED 120. The bottom surface 220 of each hemi-
cllipsoid 200 1s substantially parallel to the incidence plane
112. The major axis 240 of each bottom surface 220 is sub-
stantially parallel to the longer side 116 of the incidence plane
112, and the minor axis 242 1s substantially parallel to the
shorter side 118. The interface 210 1s substantially parallel to
the emergent plane 114 and substantially perpendicular to the
incidence plane 112.

In the embodiment of this invention, the LEDs 120 are
arranged along the longer side 116 of the incidence plane 112
and spaced apart from each other with gaps. As the above,
light emitted from the LEDs 120 must have enough bright-
ness to cover the gap between the adjacent LEDs 120. There-
tore, the light field in large angle of the LED 120 1s enough to
cover the gap 1n the horizontal direction, which 1s parallel to
the major axis 240 and the longer side 116 as the X-axis
illustrated in FI1G. 2. The angular distribution of light field can
be broader along the direction of the major axis 240 to prevent
dark strips formed 1n the gaps.
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As the light guide plate 110 becomes thinner, the shorter
side 118 of the incidence plane 112 also becomes shorter.

Theretore, the light field of the LED 120 should be converged

in the vertical direction to ensure that each light beam 1s
incident on the light guide plate 110 to prevent light leakage
problems. In other words, the light directing structure 124
may direct light emitted from the LED chip 122 and limits
light field to a small angle along the direction of the minor
axis 242.

Please refer to FIG. 3A and FIG. 4. FIG. 4 1s a plot of an
angular distribution of light field of the light directing struc-
ture 124. The angular distribution of the light field plot rep-
resents relations between light field and angle of light
directed from the ellipsoidal surface 230 of the light directing
structure 124.

A transverse axis of the angular distribution of light field
plot represents angle. When perpendicular to the bottom sur-
face 210 of the light directing structure 124, the angle 1s
defined as O degree. When turning clockwise toward the edge
of the bottom surface 210, the angle becomes bigger. When
parallel to the bottom surface 210, the angle 1s defined as 90
degrees. On the contrary, when turning counter-clockwise
toward the edge of the bottom surface 210, the angle becomes
negative and becomes smaller. When parallel to the bottom
surface 210, the angle 1s defined as —90 degrees. Please notice
that the angle described later may be positive though, the
angle should be treated as the positive angle and the negative
angle with symmetry.

A longitudinal axis of the angular distribution of light field
plot represents the strength of the light field after being nor-
malized, which means a ratio of measurement value to the
maximum measurement value of the light field.

Please refer to FIG. 4 and FIG. 5A. FIG. 5A 1s a side view
of the backlight module 100 shown 1n FIG. 2. Two curves are
illustrated 1n the angular distribution of light field plot. A first
curve Al represents an angular distribution of the light field 1n
a direction parallel to the minor axis 242, which means the
relation of light field and angle 1n vertical direction (Z-axis).

As the plot shows, the strength of the light field 1s about
above 0.4 between 0 degrees and 40 degrees. When the angle
1s larger about 40 degrees, the strength of the light field
decreases dramatically. Theretfore, light being directed by the
light directing structure 124, along the minor axis 242, may
limit the strength of light field in a small range of angles to

make light field converged and prevent light leakage prob-

lems.
Please refer to FIG. 4 and FIG. 5B. FIG. 5B 1s a top view of

the backlight module 100 shown 1n FIG. 2. A second curve A2
illustrated 1n the plot represents an angular distribution of
light field 1n a direction parallel to the major axis 240, which
means the relation of light field and angle 1n the horizontal
direction as the direction of the X-axis illustrated 1n FIG. 5B.

As the plot shows, the strength of the light field 1s about
above 0.6, which represents the strength of the light field 1s
about above 60% of the maximum measurement value of the
light field, between 0 degrees and 60 degrees. When the angle
1s equal to about 70 degrees, the strength of the light field 1s
about 0.5, which means half of the maximum measurement
value of light field. Therefore, light directed by the light
directing structure 124 may improve the strength of light field
at large angles. Therefore, the LED 120 1s able to incident 1n
a broad range of angles to prevent dark strips.

Referring to FIG. 6, which 1s a perspective view of a light
directing structure 124 according to another embodiment of
this invention. In the embodiment of this imnvention, the light
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directing structure 124 further has light gmidance 126 to con-
verge light 1n the vertical direction to improve light utilization
elficiency.

The light guidance 126 are located at a region on the
cllipsoidal surface 230, especially at where the ellipsoidal
surface 230 connects the minor axis 242 on the bottom sur-
tace 220.

There are many different types of light guidance 126. For
example, the light guidance 126 may be made of high retlec-
tance material with a coating such as a retlective layer like a
metal coating film, or amulti-layer coating {ilm. Additionally,
the light gmidance 126 may comprise a reflecting pattern such
as a dot pattern. The light guidance 126 may change 1its
structure to reflect or to refract light, such as grating struc-
tures, V-cut structures, or other micro-structures, which can
help guide light to the front of the light directing structure
124. The invention 1s not limited to the above description, and
it may be adjusted according to the actual requirements.

The light directing structure 124 may comprise optical
material such as transparent plastic material like polymeth-
ylmethacrylate (referred to as PMMA), polyethylene tereph-
thalate (referred to as PET), poly carbonate (referred to as
PC), and combinations thereof. In addition, the light directing
structure 124 may comprise transparent resins such as sili-
cone, epoxy, and combinations thereof. In a preferred
embodiment, the light directing structure 124 comprises
encapsulant material. The light directing structure 124 may
be formed by shaping the encapsulant during a packaging
process. The light directing structure 124 may be formed after
the packaging process in other embodiments.

Please refer to FIG. 6. The light directing structure 124
comprises many micro-particles 250 disposed therein. The
micro-particles 250 may comprise fluorescent material or
phosphorescent material, which may absorb light emitted
from the chip and generate different wavelengths of light. The
micro-particles 250 may comprise diffusive particles to help
diffuse light or may comprise heat dissipative particles to help
dissipate heat generated from the chip. The micro-particles
250 may be added in encapsulant, and the encapsulant may be
shaped to form the light directing structure 124 during a
packaging process.

In the foregoing, the angular distribution of light field 1s
related to the shape and the displacement of the light directing,
structure 124. This mvention discloses many embodiments
and the light directing structure 124 thereotf. By designing the
light directing structure 124 having two connected hemi-
cllipsoid 200, the angular distribution of light field 1n the
horizontal direction and the vertical direction are different. In
particular, the light field of large angle may be increased to
prevent dark strip 1n the horizontal direction. In the vertical
direction, the light field may be limited to a small angle,
which may prevent light leaking

Although the present invention has been described 1n con-
siderable detail with reference certain embodiments thereof,
other embodiments are possible. Therefore, their spirit and
scope of the appended claims should not be limited to the
description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present mvention without departing from the scope or

spirit of the invention. In view of the foregoing, 1t 1s intended
that the present invention cover modifications and variations
of this mvention provided they fall within the scope of the
tollowing claims.
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What 1s claimed 1s:

1. A light emitting diode, comprising:

a light emitting diode chip; and

a light directing structure disposed on the light emitting,
diode chip and comprising a pair of connected hemi-
cllipsoids and an interface interposed therebetween,
wherein each hemi-ellipsoid comprises:

a bottom surface, connected to the interface, 1n a shape of
an mcomplete ellipse having a major axis and a minor
axis intersected to define a center, wherein the interface
1s substantially perpendicular to the minor axis; and

an ellipsoidal surface connected to the bottom surface and
the interface, a largest vertical distance from the ellip-
soidal surface to the bottom surface being longer than a
largest height of the intertace.

2. The light emitting diode of claim 1, wherein the bottom
surface 1s mirror symmetric and the minor axis is the line of
symmetry.

3. The light emitting diode of claim 1, wherein a first
distance 1s from the center to the edge of the bottom surface
along the major axis, a second distance 1s from the center to
the edge of the bottom surface along the minor axis, and the
largest vertical distance from the ellipsoidal surface to the
bottom surface 1s longer than the second distance.

4. The light emitting diode of claim 3, wherein the first
distance 1s longer than or equal to twice of the second dis-
tance.

5. The light emitting diode of claim 3, wherein the largest
vertical distance from the ellipsoidal surface to the bottom
surface 1s longer than or equal to twice of the second distance.

6. The light emitting diode of claim 3, wherein a third
distance 1s the shortest distance from the center to the inter-
face, and the third distance being shorter than the second
distance.

7. The light emitting diode of claim 6, wherein the third
distance is shorter than or equal to half of the second distance.

8. The light emitting diode of claim 1, wherein the light
emitting diode chip 1s embedded in the light directing struc-
ture.

9. The light emitting diode of claim 1, wherein the light
directing structure comprises encapsulant material.

10. The light emitting diode of claim 1, wherein the light
directing structure comprises a plurality of micro-particles
embedded therein.

11. The light emitting diode of claim 1, wherein the light
emitting diode chip 1s disposed at where the bottom surface
connected the interface.

12. The light emitting diode of claim 1, further comprising
at least a light guidance disposed on the ellipsoidal surface of
the light directing structure, wherein the light guidance 1s
disposed on the ellipsoidal surface near where the ellipsoidal
surface connects the minor axis of the bottom surface.

13. The light emitting diode of claim 12, wherein the light
guidance 1s a metal coating film, a reflecting pattern, a multi-
layer film, a reflective film, a grating structure, a V-cut struc-
ture, or micro-structures.

14. The light emitting diode of claim 1, wherein the hemi-
ellipsoids are mirror symmetric and the interface 1s the plane
of symmetry.

15. A backlight module, comprising;:

a light guide plate; and

a light emitting diode adjacent to the light guide plate and
comprising:

a light emitting diode chip; and

a light directing structure disposed on the light emitting
diode chip and interposed between the light emitting
diode chip and the light guide plate, the light directing
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structure comprising a pair of connected hemi-ellipsoids
and an 1nterface mterposed therebetween, wherein each

hemi-ellipsoid comprises:

a bottom surface, connected to the interface, 1n a shape of
an 1ncomplete ellipse having a major axis and a minor
axis intersected to define a center, wherein the interface

1s substantially perpendicular to the minor axis; and

an ellipsoidal surface connected to the bottom surface and
the mterface, a largest vertical distance from the ellip-
so1dal surface to the bottom surface being longer than a
largest height of the interface.

16. The backlight module of claim 135, the bottom surface is
substantially parallel to an incidence plane of the light guide
plate.

17. The backlight module of claim 15, wherein the inter-
face 1s substantially parallel to an emergent plane of the light
guide plate.
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18. The backlight module of claim 15, wherein the light
emitting diode chip 1s disposed at where the bottom surface
connected the interface.

19. The backlight module of claim 15, wherein a first
distance 1s from the center to the edge of the bottom surface
along the major axis, a second distance 1s from the center to
the edge of the bottom surface along the minor axis, and the
largest vertical distance from the ellipsoidal surface to the
bottom surface 1s longer than the second distance.

20. The backlight module of claim 19, wherein the largest
vertical distance from the ellipsoidal surface to the bottom
surface 1s longer than or equal to twice of the second distance.

21. The backlight module of claim 19, a third distance 1s the
shortest distance from the center to the interface, and the third
distance being shorter than the second distance.

22. The backlight module of claim 21, wherein the third

distance 1s shorter than or equal to half of the second distance.
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